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© Digital information recording apparatus and digital information recording and reproducing 
apparatus. 
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© In a digital information recording and reproduc- 
ing apparatus of a rotary magnetic head type for 
selecting and recording a plurality of digital informa- 
tion signals having different transmission rates and 
for selectively reproducing the recorded signal, a 
high-rate digital information signal (S1) and a low- 
rate digital information signal (S2) are inputted for 
selection of either one thereof to be converted by a 
recording-system encoder (30) into two channels of 
recording signals (SR1, SR2). When recording the 
high-rate signal (S1), the rotary drum (50) is turned 
at a rotation speed (R1) and the magnetic tape (60) 
is fed at a feed speed (V1) to conduct 4-track 
azimuth recording of the signals for each rotation of 
the rotary drum by the first to fourth magnetic heads 
(51. 52. 53. 54); To record the low-rate signal (S1). 



the rotary drum (50) is turned at a rotation speed 
(R2) substantially equal to the first rotation speed 
(R1) and the magnetic tape (60) is fed at a feed 
speed (V2) almost equal to (V1/N) so as to achieve 
4-track azimuth recording of record signals (SRI. 
SR2) compressed on a time axis to 1/N of the 
original signals for every N rotations of the rotary 
drum (50) by the magnetic heads (51 , 52, 53, 54). A 
reproducing system receives two channels of signals 
(SP1, SP2) reproduced by the first to fourth mag- 
netic heads (51. 52. 53, 54) and conducts for the 
signals such processes reverse to those of the en- 
coding process of the recording system as the 
equalization, demodulation, error correction, and 
deinterleaving processes, thereby attaining the origi- 
nal digital information signals. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a digital in- 
formation signal recording apparatus and a digital 
information signal recording and reproducing ap- 5 
paratus, and in particular, to a digital information 
signal recording apparatus and a digital information 
signal recording and reproducing apparatus suit- 
able for selecting and recording a plurality of video 
signals encoded into digital compression codes of ro 
different transmission rates and selecting and re- 
producing the recorded signals thereafter. 

An example of a so-called digital video tape 
recorder (VTR) in which a video signal is converted 
into a digital compression code for the recording rs 
and reproducing of the signal has been described, 
for example, in two articles respectively in pages 
588 to 596 and pages 597 to 605 of "IEEE Trans- 
actions on Consumer Electronics n , Vol. 34, No. 3 
(August 1988). 20 

On the other hand, a digital broadcast is being 
put to practical use as a television (TV) broadcast 
of the next generation. For example, in the United 
States of America, there has been known an ad- 
vanced television (ATV) system in which a high- 25 
definition (HD) wide-band video signal having a 
resolution higher than that of a standard-definition 
(SD) video signal of the National Television System 
Committee (NTSC) system (525 lines/60 fields) or 
Phase Alteration Line (PAL) system (625 lines/50 30 
fields) currently used is converted into a highly 
efficient digital compression code, thereby broad- 
casting the signal in the 6 megahertz (MHz) band- 
width presently used for TV broadcasting facilities. 
In addition, in association with the standard-defini- 35 
tion system, there has been known a system called 
"Direc TV" in which signals of a plurality of pro- 
grams are converted into highly efficient digital 
compression codes respectively according to mov- 
ing picture expert groups (MPEGs) such that the 40 
signals are transmitted via a satellite using time 
division multiplex communication. 

In this situation, when these digital TV broad- 
casts are actually introduced to practical use, there 
are required digital VTRs corresponding thereto. 45 
However, in the prior art described above, consid- 
eration has not been given to technology for select- 
ing and recording a plurality of digital TV signals of 
different transmission rates and selecting reproduc- 
ing the signals thereafter. so 

An example of the apparatus in which a plural- 
ity of digital TV signals having different transmis- 
sion rates are selectively recorded and reproduced 
has been described in the U. S. Patent 5,065,259* 
(corresponding to the JP-A-1 -258255). This appara- 65 
tus supports a plurality of recording modes such 
that information signals are encoded into digital 
data items of different transmission rates according 



to the recording modes. The encoded digital data 
items are then converted into signals of a fixed 
recording rate through a time-base or time-axis 
process. The obtained signals are recorded on a 
magnetic tape at a tape feed speed related to the 
transmission rates of the encoded digital data 
items, respectively. 

However, in the apparatus of the U. S. Patent 
5,065,259, there has been missing technology as- 
sociated with automatic decision of the recording 
modes in the signal reproduction. Moreover, since 
an encoder is integrally included in the apparatus, 
consideration has not been given to the recording 
of such signals of digital data as digital video 
signals encoded in the MPEG system in which the 
transmission rate thereof varies with respect to 
time as well as for each of the programs, for 
example, programs of movies, sports, and news. 

SUMMARY OF THE INVENTION 

It is therefor an object of the present invention 
to provide a digital information recording apparatus 
and a digital information recording and reproducing 
apparatus for selecting and recording a plurality of 
digital video signals converted into digital compres- 
sion codes having different transmission rates and 
selecting and reproducing the recorded signals, 
thereby solving the problem of the prior art. 

To achieve the above object, a digital informa- 
tion recording and reproducing apparatus accord- 
ing to an aspect of the present invention comprises 
selecting means for selecting a signal to be re- 
corded from a plurality of digital information signals 
having different transmission rates, identifier signal 
generator means for generating an identifier signal 
indicating contents of the selected signal, encoding 
means for conducting an interleaving process for 
the selected signal, forming blocks thereof by add- 
ing a synchronizing code, an identification code, an 
error correction code, and dummy data thereto, 
executing a time-base process and a modulation 
for the signal, thereby converting the signal into 
two channels of recording signals, recording and 
reproducing means including a first magnetic head 
and a second magnetic head respectively having 
azimuth angles respectively having opposing 
polarities and a third magnetic head and a fourth 
magnetic head opposing to the first and second 
magnetic heads with an angle of 180*, decoding 
means for conducting for a reproduction signal 
such decoding processes reverse to those of the 
encoding means as an equalizing process, a de- 
modulating process, an error correcting, process, 
and a deinterleaving process, thereby converting, 
the reproduction signal into the original digital in- 
formation signal, and servo means for controlling a 
rotation speed of a rotary drum and a feed speed 
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of a magnetic tape. 

When recording a first digital information signal 
in a range between a preset maximum transmis- 
sion rate and one half thereof, the encoding means 
adds data such as dummy data thereto to convert 
the signal into two channels of recording signals 
having a fixed recording rate determined by the 
maximum transmission rate regardless of the input 
transmission rate, the servo means turns the rotary 
drum at a fixed rotation speed to feed the magnetic 
tape at a first feed speed, and the recording and 
reproducing means records and reproduces the 
two channels of recording signals on four tracks in 
one rotation of the rotary drum by alternately using 
the first and second magnetic heads and third and 
fourth magnetic heads. 

On the other hand, when recording the second 
digital information signal in a range which is 1/N (N 
is an integer equal to or more than two) of that of 
the first digital information signal, the encoding 
means further compresses, each time the rotary 
drum makes N/2 rotations, the second digital in- 
formation signal into a signal which is 1/N of the 
second digital information signal on a time axis, 
thereby converting the signal into two channels of 
recording signals respectively having the fixed re- 
cording rates, the servo means turns the rotary 
drum at the fixed rotary speed to feed the mag- 
netic tape at a second feed speed equal to 1/N of 
the first feed speed, and the recording and re- 
producing means records and reproduces the two 
channels of recording signals on four tracks in one 
rotation of the rotary drum by using only the first 
and second magnetic heads or by alternately using 
the first and second magnetic heads and third and 
fourth magnetic heads. In this situation, the iden- 
tifier signal indicating the contents of the recorded 
signal is also recorded as one of the identification 
(ID) code together with the digital information sig- 
nals. 

The signals reproduced by the first and second 
magnetic heads and/or the third and fourth mag- 
netic heads are subjected in the decoding means 
to such processes reverse to those of the encoding 
means as equalization, demodulation, error correc- 
tion, and deinterleaving so as to be converted into 
the original first or second digital information signal. 
In this operation, the decoding means detects the 
identifier signal thus recorded to control the time- 
axis process of its own and outputs to the servo 
means a reference signal to control the tape feed 
speed. On receiving the signal, the servo means 
sets the feed speed to the first or second speed 
employed in the signal recording operation. 

Other objects, features, and advantages of the 
present invention will become apparent from the 
detailed description of the embodiments in con- 
junction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an embodi- 
ment of the digital information recording appara- 
5 tus according to the present invention; 

Fig. 2 is a block diagram showing an embodi- 
ment of a recording-system encoder according 
to the present invention; 

Fig. 3 is a diagram showing a configuration 
io example of signals formatted by the recording- 
system encoder; 

Fig. 4 is a diagram showing a configuration 
example of an identification (ID) code; 
Figs. 5A to 5E are timing charts showing rela- 
ys tionships between rotary periods of the drum 
and timings of record signals in the embodiment 
of Fig. 1; 

Fig. 6 is a diagram showing track patterns on a 
magnetic tape; 

20 Fig. 7 is a block diagram showing an embodi- 
ment of the digital information reproducing ap- 
paratus according to the present invention; 
Fig. 8 is a block diagram showing a configura- 
tion example of a reproducing-system decoder 

25 according to the present invention; 

Figs. 9A to 9E are timing charts showing rela- 
tionships between rotary periods of the drum 
and timings of record signals; 
Fig. 10 is a block diagram showing another 

30 configuration example of the recording-system 
encoder according to the present invention; 
Fig. 11 is a block diagram showing another 
configuration example of the reproducing-sys- 
tem decoder according to the present invention; 

35 Fig. 12 is a block diagram showing still another 
embodiment of the digital information recording 
apparatus according to the present invention; 
Figs. 13A to 13G are timing charts showing 
relationships between rotary periods of the drum 

40 and timings of record signals in the embodiment 
of Fig. 12; 

Fig. 14 is a block diagram showing still another 
embodiment of the digital information reproduc- 
ing apparatus according to the present inven- 
ts tion; 

Fig. 15 is a block diagram showing still another 
embodiment of the digital information recording 
apparatus according to the present invention; 
Fig. 16 is a block diagram showing further an- 
50 other embodiment of the digital information re- 
producing apparatus according to the present 
invention; and 

Fig, 17 is a block diagram showing still another 
embodiment of the digital information reproduc- 
es ing apparatus according to the present inven- 
tion. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Next, description will be given of embodiments 
of the present invention by reference to the draw- 
ings. 

Fig. 1 is a block diagram showing an embodi- 
ment of the digital information recording apparatus 
according to the present invention. In the diagram, 
reference numerals 1 and 2 indicate input termi- 
nals, a numeral 1 1 denotes a change-over switch, a 
numeral 21 stands for a recording signal selector, a 
numeral 22 designates an identifier signal gener- 
ator, a numeral 30 indicates a recording-system 
encoder, numerals 41 and 42 denote record am- 
plifiers, a numeral 50 represents a rotary drum, 
numerals 51 to 54 designate magnetic heads, a 
numeral 60 indicates a magnetic tape, and a nu- 
meral 70 indicates a servo circuit. Incidentally, in 
association with the magnetic heads 51 to 54. the 
positive and negative signs ( + ) and (-) indicate 
positive and negative azimuths, respectively. 

Operation of this embodiment will be next de- 
scribed. 

In Fig. 1. to the input terminal 1, there is 
inputted a digital information signal S1 having a 
high transmission rate (of, for example. 20 
megabits per second (Mbps) to 40 Mbps) such as 
a digital HDTV signal of the ATV system or a 
digital SDTV signal obtained by achieving time- 
division multiplex operation for a plurality of pro- 
grams in the "Direc TV" system described above. 
On the other hand, supplied to the input terminal 2 
is a digital information signal S2 having a low 
transmission rate (of. for example. 5 Mbps to 10 
Mbps) such as a digital SDTV signal separated by 
selecting one of the plural programs in the "Direc 
TV" system. These signals SI and S2 undergo 
selection by the change-over switch such that ei- 
ther one thereof is inputted as a record signal SS 
to the recording-system encoder 30. 

The recording signal selector 21 selects as the 
record signal SS the digital information signal S1 of 
a high transmission rate or the digital information 
signal S2 of a low transmission rate to output a 
control signal CR therefrom. The identifier signal 
generator 22 receives the control signal CR to 
generate an identifier signal DS to identify whether 
the recorded signal is S1 or S2 and then supplies 
the signal DS to the recording-system encoder 30. 

Fig. 2 shows a block diagram showing a spe- 
cific example of the recording-system encoder 30. 
In Fig. 2, a reference numeral 31 indicates an. 
interface circuit, a numeral 32 denotes a memory 
circuit, a numeral 33 stands for a parity generator 
circuit, a numeral 34 represents a record signal 
generator circuit, a numeral 35 indicates an 8-10 
modulator circuit, and a numeral 36 denotes a 



timing circuit. 

The inputted signal SS and identification signal 
DS are stored in the memory circuit 32 via the 
interface circuit 31. In the parity generator circuit 

5 33. parity is generated from the data items SS and 
DS stored in the memory circuit 32 to be then 
accumulated in the memory circuit 32. The record 
signal generator circuit 34 reads the data and par- 
ity from the memory circuit 32, adds a synchroniz- 

10 ing code and an identification (ID) code thereto, 
and then outputs therefrom two channels of signals 
in a block format shown in Fig. 3. In this step, an 
interleaving process is also carried out 

Fig. 4 shows a configuration example of the 

15 identification (ID) code, which includes such control 
information items as a track number to identify a 
record track, a block number to identify a position 
in the track, and a record time and a program 
number on a tape as well as parity to detect and 

20 correct errors therein. In this connection, the iden- 
tifier signal DS is inserted into control information 
of the identification (ID) code. 

The two channels of signals which are thus 
formatted through the interleaving operation, addi- 

25 tion of the synchronizing code, identification (ID) 
code, and error correction code, and block forming 
operation are fed to the 8-10 demodulator circuit 35 
to be subjected to a so-called 8-10 demodulation 
method in which the signals are classified into 

30 eight-bit groups. Each 8-bit group is converted into 
10-bit data so as to limit the maximum run length, 
thereby attaining two channels of record signals 
SR1 and SR2. On receiving the control signal CR, 
the timing circuit 36 controls timings of the inter- 

35 face circuit 31 , memory circuit 32, parity generator 
circuit 33. record signal generator circuit 34, and 8- 
10 modulator circuit 35 and then outputs a refer- 
ence signal CK to the servo circuit 70. 

The two channels of record signals SR1 and 

40 SR2 are then delivered respectively via the record 
amplifiers 41 and 42 to the magnetic heads 51 and 
52 and magnetic heads 53 and 54, respectively. In 
this regard, the magnetic heads 51 and 52 and 
magnetic heads 53 and 54 are arranged over the 

45 rotary drum 50 at positions being close to each 
other and opposing to each other with an angle of 
180* and with a predetermined gap therebetween 
(for example, on the same head bases). 

In this situation, when the digital information 

50 signal S1 of a high transmission rate is to be 
recorded, the servo circuit 70 receives the refer- 
ence signal CK from the timing circuit 36 to control 
the rotary drum 50 to rotate at a first rotation speed 
R1 and the magnetic tape 60 to be fed at a first 

ss feed speed VT so as to conduct a 4-track azimuth 
recording operation in which the two channels of 
record signals SR1 .and SR2. . supplied via the 
record amplifiers 41 and 42 are recorded on four 
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tracks in one rotation of the rotary drum 50 by 
alternately utilizing the magnetic heads 51 and 52 
and magnetic heads 53 and 54. 

Figs. 5A to 5E are timing charts showing rela- 
tionships between rotations of the rotary drum 50 
and timings of the record signals SR1 and SR2 in 
the operation above. In the diagram, Fig. 5A shows 
timing of the rotary drum 50 and Figs. 5B and 5C 
show timings of the record signals SR1 and SR2, 
respectively. 

In Fig. 5A, in the periods of a tow level, data is 
recorded by the magnetic heads 51 and 52; where- 
as, in the periods of a high level, data is recorded 
by the magnetic heads 53 and 54. When recording 
the signal S1 of a high transmission rate, the 
record signals SR1 and SR2 are successively re- 
corded as shown in Figs. 5B and 5C. 

Fig. 6 shows track patterns drawn on the mag- 
netic tape in the operation. As shown in Fig. 6, the 
record signals SR1 and SR2 are written respec- 
tively on a (-) azimuth track 61 and a ( + ) azimuth 
track 62 of the magnetic tape 60. In this regard, Tp 
indicates a track pitch. 

On the other hand, when recording the signal 
S2 of a low transmission rate, there are outputted 
from the recording-system encoder 30, as shown in 
Figs. 5D and 5E, two channels of burst-like record- 
ing signals SR1 and SR2 obtained by achieving a 
1/N time-axis compression each time the rotary 
drum 50 makes N/2 rotations (N is an integer equal 
to or more than two), in this operation, when the 
ratio between the digital information signals S1 and 
S2 is assumed to be 1 to 1/n (n is a real number 
equal to or more than two), the time-axis compres- 
sion ratio is set to an integer nearest to the trans- 
mission rate n. Furthermore, in case where N * n, 
by adding dummy data to the signals, the record- 
ing rate of the burst-like record signals SR1 and 
SR2 can be set to be substantially equal to the 
recording rate employed when the digital informa- 
tion signal S1 is recorded. 

On receiving the reference signal CK, the servo 
circuit 70 respectively controls the rotary drum 50 
to rotate at a second rotation speed R2 (R2 *=f R1) 
almost equal to the first rotary speed R1 and the 
magnetic tape 60 to be fed at a second feed speed 
V2 <V2 t=s V1/N) substantially equal to 1/N of the 
first feed speed V1. Thereafter, as shown in Figs. 
5D and 5E, the two channels of recording signaJs 
SR1 and SR2 formed in the burst-like format by 
the time-axis compression are written on the mag- 
netic tape 60 by using only the magnetic heads 51 
and 52 or by alternately using the magnetic heads 
51 and 52 and the magnetic heads 53 and 54. 

The burst-like record signals SR1 and SR2 are 
respectively recorded on (-) and ( + ) azimuth tracks 
61 and 62 as described above, thereby achieving a 
4-track azimuth recording operation in N rotations 



of the rotary drum 50. In consequence, track pat- 
terns are formed as shown in Rg. 6, namely, the 
record signals SR1 and SR2 are written respec- 
tively on (-) and { + ) azimuth tracks 61 and 62 of 
s the magnetic tape 60. 

In this connection, although the time-base com- 
pression ratio N is set to three in Figs. 5D and 5E 
for simplicity of explanation, the value N needs to 
only be set to an integer. That is. as shown in the 

io diagram, when N takes an odd number, the mag- 
netic heads 51 and 52 and magnetic heads 53 and 
54 are alternately used; whereas, when N is an 
even number, there are used only the magnetic 
heads 51 and 52 to record the signals undergone 

75 the time-axis compression. Consequently, the 4- 
track azimuth recording operation in N rotations of 
the rotary drum 50 is not changed in any case. In 
consequence, including the case of N = 1, name- 
ly, the case of the digital information signal S1 of a 

20 high transmission rate, there can be used a com- 
mon track format of signais on the magnetic tape 
60. There exists a different point that the total 
period of time available for the recording of signals 
on the magnetic tape 60 is increased or decreased 

25 in accordance with the time-axis compression ratio 
N. Namely, for example, digital HD video signals of 
high quality or digital SD video signals of many 
programs can be recorded in a standard period of 
time. Moreover, if only one program of digitaJ SD 

oo video signals is to be recorded, there can be 
conducted a long-period recording operation. 

Fig. 7 is a block diagram showing an embodi- 
ment of the digital information reproducing appara- 
tus according to the present invention. In this dia- 

35 gram, reference numerals 101 and 102 indicate 
reproduction amplifiers, a numeral 110 denotes a 
reproducing-systern decoder, a numeral 121 stands 
for a record signal judge unit a numeral 131 repre- 
sents a change-over switch, and numeraJs 141 and 

40 142 indicate output terminals. Components cor- 
responding to those of Fig. 1 are assigned with the 
same reference numerals. 

Next, operation of the embodiment will be de- 
scribed. 

45 In Fig. 7, two channels of signals SP1 and SP2 

reproduced by the magnetic heads 51 and 52 and 
magnetic heads 53 and 54 and amplified by the 
reproduction amplifiers 101 and 102 are respec- 
tively supplied to the reproducing-systern decoder 

so 110. In the decoder 110, the reproduction signals 
SP1 and SP2 are subjected to a de-formatting 
operation reverse to that of the recording-system 
encoder 30 to be transformed into the original 
digital information signals. 

55 Rg. 8 is a block diagram showing a concrete 

example of the reproducing-systern decoder 110. 
In Rg. 8,. a reference numeral -111 indicates an 8-„ 
10 demodulator circuit, a numeral 112 designates a 
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block reproducing circuit, a numeral 113 stands for 
a memory circuit, a numeral 114 represents an 
error correction circuit, a numeral 115 denotes a 
reproduction signal output circuit, and a numeral 
116 indicates a timing circuit. 

In the diagram, the reproduction signals SP1 
and P2 inputted thereto are fed to the 8-10 de- 
modulator circuit 1 1 1 to undergo equalization, code 
discrimination, and demodulation to be fed to the 
block reproducing circuit 112. On the occasion, as 
the equalizing method of the 8-10 demodulator 
circuit 111, there may be employed, for example, 
an integral equalization (integral detection) in which 
differential characteristics of the reproducing sys- 
tem are compensated for by integration. In the 
block reproducing circuit 1 1 , the synchronizing and 
identification (ID) codes are detected such that 
reproduced data is stored at a predetermined posi- 
tion in the memory circuit 113 according to a track 
number and a block number in the identifier signal. 

The error correction circuit 114 corrects errors 
in the reproduced data in accordance with parity 
stored in the memory circuit 113. The reproduction 
signal output circuit 115 reads the corrected re- 
production data from the memory circuit 113 to 
output therefrom the original digital information sig- 
nal SS and identifier signal DS. In this operation, a 
deinterieaving process is performed in association 
with the interleaving process of the recording side. 
The timing circuit 116 controls timings of the 8-10 
demodulator circuit 111, block reproducing circuit 
112, error correction circuit 114. and reproduction 
signal output circuit 115 and outputs the reference 
signal CK to the servo circuit 70. 

In this situation, the record signal judge circuit 
121 receives the identifier signal DS from the re- 
producing -system decoder 110 to decide whether 
the record reproduction signal is the digital in- 
formation S1 or S2 to output a control signal CP so 
as to control the change-over switch 131 in accor- 
dance with the signal CP. Thereafter, when the 
record reproduction signal is decided to be the 
digital information signal S1 of a high transmission 
rate or the digital information signal S2 of a low 
transmission rate, the digital information signal SS 
is outputted from the output terminal 141 or 142. 
respectively. 

In addition, on receiving the reference signal 
CK, the servo circuit 70 controls the rotary drum 50 
to rotate at a first or second rotary speed R1 or R2 
and the magnetic tape 60 to be fed at a first or 
second feed speed VI or V2, respectively. 

Incidentally, at the initial point of reproduction, 
the identifier signal is not detected and control ot 
the rotary drum 50 and magnetic tape is undeter- 
mined: In this case, for example, control is effected! 
to set the rotation speed of the rotary drum 50 and 
the feed speed of the magnetic tape 60 respec- 
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tively to the first rotation speed R1 and first feed 
speed V1 such that the speed control need only be 
altered when the identifier signal is detected. This 
is because the recording rates are substantially 

s equal to each other and the track format is com- 
monly used and hence even when a tape on which 
digital information signals of a low transmission rate 
are recorded is reproduced in the above manner, 
the reproducing-system decoder 110 conducts a 

10 normal operation to appropriately detect the iden- 
tifier signal. 

As above, according to the embodiment, two 
kinds of digital information signals having different 
transmission rates, for example, HDTV signals en- 
is coded through digital compression and SDTV sig- 
nals similarly encoded through digital compression 
or SDTV signals of a plurality of programs encoded 
through digital compression and undergone time- 
division multiplexing operation and digital SDTV 
20 signals of a program selected and separated from 
the plural programs can be selected and recorded 
on a medium so as to be automatically judged for 
reproduction thereof by the single-head configura- 
tion. 

25 Incidentally, in conjunction with the embodi- 

ment, there has been described a method of insert- 
ing the identifier signal into record data. However, 
the present invention is not restricted by the em- 
bodiment. Namely, the identifier signal may be 

30 recorded a plurality of times on a control track 
prepared to control tracking. 

Additionally, in the example of the embodi- 
ment, the effective wrap angle of the magnetic tape 
60 on the rotary drum is 180*. which does not 

35 restrict the present invention. For example, the 
present invention is also applicable to a case of the 
effective angle less than 180 • . 

Figs. 9 A to 9E are timing charts showing rela- 
tionships between rotations of the rotary drum 50 

40 and timings of the record signals SR1 and SR2 in 
the situation. Like Figs. 5A to 5E, Fig. 9A shows 
timings of the rotary drum 50, Figs. B and C 
presents timings of the record signals SR1 and 
SR2 when recording the digital information signal 

45 S1 of a high transmission rate, and Figs. D and E 
show timings of the record signals SR1 and SR2 
when recording the digital information signal S2 of 
a low transmission rate. 

In case where the signal S1 is to be recorded, 

so the record signals SR1 and SR2 which are under- 
gone a time-base compression at an effective wrap 
angle 01 (e.g., 90* to 175*) each time the rotary 
drum 50 makes a half rotation are outputted from 
the recording-system encoder 30 to be recorded as 

55 shown in Figs. 9B and 9C. On the other hand 1 , 
when the signal S2 is to be recorded, the record! 
signals SR1 and SR2 which are compressed 
through a time-base compression to 1/N of the 
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original signals each time the rotary drum 50 
makes N/2 rotations and undergone a time-base 
compression at an effective angle BZ (02 61) are 
outputted from the recording-system encoder 30 to 
be recorded as shown in Pigs. 9D and 9E. 

Moreover, although the 8-10 modulation meth- 
od is employed as a method of modulating record 
data in the embodiment, the present invention is 
not restricted by the method. Namely, there may 
be adopted an interleaved scrambled non-return -to- 
zero inverse (l-S-NRZl) modulation method. 

Fig. 10 is a block diagram showing another 
specific embodiment of the recording-system en- 
coder according to the present invention. In Fig. 
10, a reference numeral 37 indicates an l-S-NRZI 
modulator circuit and components corresponding to 
those of Fig. 2 are assigned with the same refer- 
ence numerals. Adoption of the l-S-NRZI modula- 
tion method is a feature of the specific example. 

In the l-S-NRZI modulation method, record 
data is first randomized by pseudo random signals 
such that the randomized record data is Ex-ORed 
with a demodulation signal having a delay of two 
bits. When compared with the 8-10 modulation 
method, this method has an aspect that the final 
recording rate is reduced to 8/10 of the original 
recording rate. On the other hand, according to the 
l-S-NRZI modulation method, although there can 
be recorded signals containing a spectrum up to a 
low frequency 2one, the spectrum of the low fre- 
quency zone cannot be reproduced due to differen- 
tial characteristics of the reproducing system. 
When the signals are equalized in the integral 
equalization method, there arises a problem of de- 
terioration of the signal-to-noise (S/N) ratio. In this 
situation, when using the l-S-NRZI modulation 
method, it is necessary for the reproducing system 
to utilize the an equalization (detection) method not 
using integration. 

Fig. 11 is a block diagram showing another 
concrete example of the reproducing-system de- 
coder 110 according to the present invention cor- 
responding to the recording-system encoder 30 
shown in Fig. 10. In Fig. 11, a reference numeral 
117 indicates a partial response class IV (PR4) 
detector circuit and the components corresponding 
to those of Fig. 8 are assigned with the same 
reference numeral. 

In the diagram, the PR4 detector circuit 117 
detects randomized record data in the regenerated 
signals and then de-scrambles the randomized 
record data. To detect the data, there is naturally 
used the PR4 detection method. In this method, 
the overall impulse response of the recording and) 
reproducing systems is represented as (1,0,-1). 
Since integration is unnecessary, there is advanta- 
geously attained a feature of a satisfactory S/N 
ratio. 
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Fig. 12 is a block diagram showing still another 
embodiment of the digital information recording 
apparatus according to the present invention. In 
Fig. 12, a reference numeral 3 denotes an input 
5 terminal and components corresponding to those of 
Fig. 1 are assigned with the same reference nu- 
merals. 

The embodiment has a feature that three kinds 
of digital information signals respectively having 

io high, middle, and low transmission rates are selec- 
tively recorded. Operation of the embodiment will 
now be described. 

In the diagram, in a similar manner as for the 
embodiment shown in Fig. 1, a digital information 

75 signal S1 of a high transmission rate (e.g., 20 Mbps 
to 40 Mbps) and a digital information signal S2 of a 
middle transmission rate (e.g., 5 Mbps to 10 Mbps) 
are supplied to the input terminals 1 and 2, respec- 
tively. Moreover, a digital information signal S3 of a 

20 low transmission rate (e.g., 1 Mbps to 2 Mbps) of a 
digital SDTV signal encoded by a further efficient 
digital compression is fed to the input terminal 3. 
These signals SI. S2. and S3 are then subjected to 
selection or changed-over by the change-over 

25 switch 11 such that either one thereof is inputted 
as a record signal SS to the recording-system 
encoder 30. 

The record signal selector 21 selects as the 
record signal SS the signal S1 of a high transmis- 

30 sion rate, the signal S2 of a middle transmission 
rate, or the signal S3 of a low transmission rate and 
then outputs the control signal CR. On receiving 
the control signal CR, the identifier signal generator 
22 generates an identifier signal DS to identify 

35 whether the recorded signal is S1, S2, or S3 to 
supply the signal DS to the recording-system en- 
coder 30. 

In the encoder 30, there are conducted pro- 
cesses similar to those of the embodiment shown 

40 in Figs. 1 and 2. Namely, in accordance with the 
respective signals, the signals are converted into 
two channels of recording signals SR1 and SR2 at 
timings shown in Figs. 13A to 13Q. 

In this connection, Fig. 13A shows rotation tim- 

45 ing of the rotary drum 50, Figs. 13B and 13C 
respectively show timings of the record signals 
SR1 and SR2 when the signal S1 is recorded, Figs. 
13D and 13E respectively show timings of the 
record signals SR1 and SR2 when the signal S2 is 

50 recorded, and Figs. 13F and 13G respectively 
show timings of the record signals SR1 and SR2 
when the signal S3 is recorded. 

In Fig. 13A, the recording is conducted by the 
magnetic heads 51 and 52 and magnetic heads 53 

55 and 54 respectively during the low-level and high- 
level periods in a manner similar to that of the 
embodiment shown in Ftg. 1. Moreover, . when re- 
cording the signal S1 of a high-transmission rate, 
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record signals SR1 and SR2 are consecutively 
outputted from the recording-system encoder 30 as 
shown in Figs. 13B and 13C. 

On the other hand, when the signal S2 of a 
middle-transmission rate is to be recorded, two 
channels of burst-like recording signals SR1 and 
SR2 which are compressed on a time axis to 1/N 
of the original signal each time the rotary drum 
makes N/2 rotations (N is an integer equal to or 
more than two) are delivered from the recording- 
system encoder 30 as shown in Figs. 13D and 
13E. On this occasion, when the ratio between the 
transmissions respectively of the signals S1 and S2 
is assumed as 1 : 1/n (n is a real number equal to 
or more than two), the time-base compression ratio 
N is set to an integer nearest to the rate n. More- 
over, in case where N + n, for example, by adding 
dummy data to the signals, the recording rate of 
the burst-like record signals SR1 and SR2 is setto 
be substantially equal to the recording rate at 
which the signal S1 of a high transmission rate is 
recorded. 

Similarly, when recording the signal S3 of a 
low-transmission rate, two kinds of burst-like record 
signals SR1 and SR2 which are compressed on a 
time axis to 1/M of the original signals each time 
the rotary drum makes M/2 rotations (M is an 
integer equal to or more than two) are delivered 
from the recording-system encoder 30 as shown in 
Figs. 13F and 13G. In this situation, when the ratio 
between the transmissions respectively of the sig- 
nals S1 and S3 is assumed as 1 : 1/m (m is a real 
number equal to or more than two), the time-base 
compression ratio M is set to an integer nearest to 
the rate m. Furthermore, in case where M * m, for 
example, by adding dummy data to the signals, the 
recording rate of the burst-like record signals SR1 
and SR2 is set to be almost equal to the recording 
rate employed to record the signal S1 of a high 
transmission rate. 

These two channels of recording signals SRI 
and SR2 are then supplied respectively via the 
record amplifiers 41 and 42 to the magnetic heads 
51 and 52 and magnetic heads 53 and 54, respec- 
tively. 

When the signal S1 is to be recorded; the 
servo circuit 70 receives the reference signal CK 
from the recording-system encoder 30 to achieve a 
control operation to set the rotation speed of the 
rotary drum 50 and the feed speed of the magnetic 
tape 60 respectively to a first rotation speed R1 
and a first feed speed VI so as to accomplish four- 
track azimuth recording of the record signals SR1 
and SR2 shown in Figs. 13B and 13C for each 
revolution; of the rotary drum 50 by alternately 
using the magnetic heads 51 and 52 and magnetic 
heads 53 and 54. 



On the other hand, when recording the signal 
S2, the servo circuit 70 receives the reference 
signal CK from the encoder 30 to control the rota- 
tion speed of the rotary drum 50 and the feed 

s speed of the magnetic tape 60 to be set respec- 
tively to a second rotation speed R2 similar to the 
first rotation speed R1 (R2 ^ R1) and a second 
feed speed V2 similar to 1/N of the first feed speed 
V1 (V2 fc= V1/N). Thereafter, the servo circuit 70 

70 conducts four-track azimuth recording of the record 
signals SR1 and SR2 shown in Figs. 13D and 13E 
in every N turns of the rotary drum 50 by use of 
the magnetic heads 51 and 52. 

In the similar manner, when recording the sig- 

75 nal S3, the servo circuit 70 receives the reference 
signal CK from the encoder 30 to control the rota- 
tion speed of the rotary drum 50 and the feed 
speed of the magnetic tape 60 to be set respec- 
tively to a third rotation speed R2 similar to the first 

20 rotation speed R1 (R3 *=. R1) and a third feed 
speed V3 similar to 1/M of the first feed speed V1 
(V3 ±=. V1/M). The servo circuit 70 then conducts , 
four-track azimuth recording of the record signals 
SR1 and SR2 shown in Figs. 13F and 13G by the 

25 magnetic heads 51 and 52 each time the rotary 
drum 50 makes M rotations. 

As above, the record signals SR1 and SR2 are 
recorded respectively on the minus (-) and plus 
( + ) azimuth tracks 61 and 62 in a similar manner 

30 as for the track patterns shown in Fig. 6. This 
makes it possible to use the common track format 
on the magnetic tape. 

Fig. 14 is a block diagram showing further 
another embodiment of the digital information re- 

35 producing apparatus according to the present in- 
vention. In this diagram, a reference numeral 143 
indicates an output terminal and components cor- 
responding to those of Fig. 7 are assigned with the 
same reference numerals. 

40 The embodiment has a feature that three kinds 

of digital information signals having high, middle, 
and low transmission rates selected and recorded 
in association with the recording apparatus shown 
in Fig. 12 are automatically judged for reproduction 

45 thereof. 

Next, description will be given of operation of 
the embodiment. 

In Fig. 14, two channels of signals SP1 and 
SP2 reproduced by the magnetic heads 51 and 52 

50 and magnetic heads 53 and 54 and amplified by 
the reproduction amplifiers 101 and 102 are re- 
spectively supplied to the rep rod ucing-sy stem de- 
coder 110 to undergo a decoding process of the 
reproducing system in a similar fashion as for the 

55 embodiment shown in Fig. 7 so as to restore the 
original digital information signal SS and control? 
information DS. Similarly, the record signal judge 
circuit 121 receives the identifier signal DS to de- 
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cide whether the record reproduction signal is the 
digital information SI, S2. or S3 and accordingly 
controls the change-over switch 131. In addition, on 
receiving the reference signal CK from the decoder 
110, the servo circuit 70 respectively controls the 
rotary drum 50 to set the rotary speed to a first, 
second, or third rotation speed R1 , R2, or R3 and 
the feed speed of the magnetic tape 60 to a first, 
second , or third feed speed V1 , V2, or V3, respec- 
tively. 

Thereafter, when the digital information signal 
SS is the signal S1, S2, or S3, the signal is 
outputted respectively from the output terminal 
141, 142, or 143 via the change-over switch 131. 

As above, according to the embodiments 
shown in Figs. 12 and 14, three kinds of digital 
information signals haying different transmission 
rates can be selected and recorded to be thereafter 
automatically judged for reproduction thereof by 
the single-head configuration. 

Incidentally, in the embodiments above, the 
transmission, recording, and reproducing speeds of 
digital information are fixed. However, the present 
invention is not restricted by the embodiments. For 
example, the present invention is applicable to a 
system in which the transmission, recording, and 
reproducing speeds of digital information are in- 
creased (more specifically, digital information is 
compressed on a time axis for transmission and 
recording thereof)- In the signal reproduction, there 
is reproduced information having the original trans- 
mission rate (through expansion thereof on a time 
axis). 

Fig. 15 is a block diagram showing still another 
embodiment of the digital information recording 
apparatus according to the present invention in 
association with the system above. 

In the diagram, a digital information signal ST 
of a high transmission rate compressed on a time 
axis to 1/K (K is an integer equal to or more than 
two) of the original signal and a digital information 
signal S2 of a low transmission rate compressed 
on a time axis to 1/L (L is an integer equal to or 
more than two) of the original signal are inputted to 
the input terminals 1 and 2, respectively. There- 
after, the recording of the signals is accomplished 
in the same manner as for the embodiment shown 
in Fig. 1. in this situation, it is to be appreciated 
that control information denoting that the record 
signal is .a signal undergone a time-base compres- 
sion is inserted in the identifier signal from the 
identifier signal generator 22. 

Fig. 1 6 is a block diagram showing still another 
embodiment of the digital information reproducing; 
apparatus according to the present invention in 
association with the system above. 

In the diagram, on receiving the reference sig- 
nal CK from the decoder 110, the servo circuit 70 



achieves control operations in the similar manner 
as for the embodiment shown in Fig. 7. When 
reproducing the signal S1 undergone the 1/K time- 
axis compression, the servo circuit 70 controls the 
5 rotary drum 50 to rotate at a rotation speed (R1/K) 
equal to 1/K of the recording rotation speed and 
the feed speed of the magnetic tape 60 to be set 
to a feed speed (V1/K) equal to 1/K of the record- 
ing feed speed. On the other hand, when reproduc- 

io ing the signal S2 undergone the 1/L time-axis com- 
pression, the servo circuit 70 controls the rotary 
drum 50 to respectively set the rotation speed to a 
rotary speed (R2/L) equal to 1/L of the recording 
rotation speed and the feed speed of the magnetic 

75 tape 60 to a feed speed (V2/L) equal to 1/L of the 
recording feed speed. 

In the reproducing operation, when each of the 
rotation speed of the rotary drum 50 and the feed 
speed of the magnetic tape 60 is set operation to 

20 1/K or 1/L of the associated speed used in the 
recording operation, the magnetic heads 51 and 52 
and magnetic heads 53 and 54 draw the same 
scanning tracks as those of the recording operation 
and hence there are reproduced signals multiplied 

25 by K or L on a time axis. The other operations are 
the same as those of the embodiment shown in 
Fig. 7. Outputted respectively from the output ter- 
minals 141 and 142 are a digital information signal 
SV of a high transmission rate having the original 

30 speed (multiplied by K on a time axis) and a digital 
information signal S2" of a low transmission rate 
having the original speed (multiplied by L on a time 
axis). 

As above, according to the embodiment, in a 

35 system in which two kinds of digital information 
signals having different transfer rates are selected 
and recorded to be thereafter automatically repro- 
duced by the single-head configuration, the record- 
ing period of time can be reduced. 

40 Fig. 17 is a block diagram showing further 

another embodiment of the digital information re- 
producing apparatus according to the present in- 
vention in association with a system in which the 
recording time is minimized in the same fashion as 

45 for the embodiment shown in Fig. 1 6. 

This embodiment differs from that shown in 
Fig. 16 in that the servo circuit 70 of Fig. 17 
controls the rotary drum 50 to set the rotation 
speed to the first or second rotation speed R1 or 

so R2 used in the recording operation. When the 
rotation speed of the rotary drum 50 is set to 1/K or 
1/L, the frequency band of reproduced signals is 
lowered to 1/K or 1/L of that obtained in the recordr 
ing operation and hence the reproduction output 

55 level is decreased. In this situation, if the S/N ratio 
is sufficient, there will not arise any problem. How- 
ever, when .the value of K o; L is increased, the 
S/N ratio may possibly become insufficient. 

10 
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To cope with the difficulty in the reproduction, 
according to the embodiment, the rotary speed of 
the rotary drum 50 is set to that of the recording 
operation to enlarge the frequency band of repro- 
duced signals, thereby guaranteeing the reproduc- 5 
tion output level. 

Incidentally, the scanning tracks of the mag- 
netic heads 51 and 52 and magnetic heads 53 and 
54 in the reproduction are different from those of 
the recording operation in this embodiment. How- w 
ever, since each track is scanned substantially K or 
L times, it is possible to obtain a sequence of 
signals through the scanning operations. 

That is, in the reproducing-system decoder 1 10 
shown in Fig. 8 or 11 . the reproduction signals SP1 75 
and SP2 inputted thereto are subjected to pro- 
cesses of equalization, code discrimination, and 
demodulation in the 8-10 demodulator circuit 111 
and/or the PR4 detector circuit 171 to be then 
supplied to the block regenerating circuit 112. in 20 
the circuit 112, a synchronizing code and an iden- 
tification (ID) code are detected such that reproduc- 
tion data is stored at a predetermined position of 
the storage circuit 113 according to a track number 
and a block number in the identification (ID) code. 25 

In the error detection circuit 114, errors con- 
tained in the reproduction data are corrected in 
accordance with parity stored in the storage circuit 
113 and there is generated a pointer indicating the 
error state, thereby storing the pointer in the mem- 30 
ory circuit 113. In this operation, although data 
having the same track and block numbers is input- 
ted L times to the storage circuit 113. data contain- 
ing the smallest number of errors is finally stored 
therein in accordance with the pointer, in the re- 35 
production signal output circuit 115, reproduction 
data undergone the error correction and stored in 
the memory circuit 1 13 are sequentially read there- 
from in a sequence of the track and block num- 
bers. 40 

As above, there are reproduced the original 
digital information signals SS expanded in accor- 
dance with the original speed on a time axis. In the 
scanning operation above, the reproduction output 
level can be guaranteed. Moreover, the track is 45 
scanned K or L times, which leads to an advantage 
that any precise tracking control operation is not 
required. 

In conjunction with the embodiment above, de- 
scription has been given of a case in which two or 50 
three kinds of digital information signals having 
different transmission rates are recorded and repro- 
duced; However, the present invention is not re- 
stricted by the embodiment. It is to be appreciated! 
that digital information signals of an arbitrary num- 55 
ber of kinds can be selected and recorded to be 
thereafter automatically judged for reproduction 
thereof by the single-head configuration. 
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As described above, apcording to the present 
invention, a plurality of digital information signals 
having different transmission rates can be selected 
and recorded to be thereafter automatically judged 
for reproduction thereof by the single-head configu- 
ration. 

While the present invention has been de- 
scribed with reference to the particular illustrative 
embodiments, it is not to be restricted by those 
embodiments but only by the appended claims. It 
is to be appreciated that those skilled in the art can 
change or modify the embodiments without depart- 
ing from the scope and spirit of the present inven- 
tion. 

Claims 

1. A digital information recording apparatus for 
selecting and recording a signal (SS) from a 
plurality of digital information signals (S1, S2) 
having different transmission rates, comprising: 

selecting means (21 ) for selecting a signal 
(SS) to be recorded from said plurality of digi- 
tal information signals having different trans- 
mission rates; 

identifier signal generator means (22) for 
generating an identifier signal (DS) indicating 
contents of the selected signal; 

encoding means (30) for conducting an 
interleaving process for the selected signal, 
forming blocks thereof by adding a synchroniz- 
ing code, an identification code, and an error 
correction code thereto, and performing a 
time-base process and a modulation for the 
signal, thereby converting the signal into two 
channels of recording signals (SR1 , SR2); 

recording means (50-54) including a first 
magnetic head (51) and a second magnetic 
head (52) which are arranged respectively at 
predetermined positions close to each other on 
a rotary drum (50) and which respectively have 
azimuth angles respectively having opposing 
polarities, the first and second heads respec- 
tively recording the two channels of recording 
signals on two tracks on a magnetic tape (60), 
the recording means further including a third 
magnetic head (53) and a fourth magnetic 
head (54) which are arranged respectively at 
predetermined positions being close to each 
other and opposing to the positions of the first 
and second magnetic heads with an angle of 
180° on the rotary drum and which respec- 
tively have the azimuth angles respectively 
having opposing polarities, the third and fourth 
heads respectively recording the two channels 
of recording signals on two tracks on the mag- 
netic tape; 

servo means (70) for controlling a rotation 
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speed of the rotary drum and a feed speed of 
the magnetic tape, wherein: 

when recording a first digital information 
signal having a first transmission rate, said 
encoding means adds the identifier signal (DS) 5 
indicating contents of the first digital informa- 
tion signal as one of the identification code 
thereto, thereby converting the signal into the 
two channels of recording signals having a 
fixed recording rate; to 

said servo means drives the rotary drum to 
rotate at a fixed rotation speed and the mag- 
netic tape to be fed at a first feed speed; and 

said recording means records the two 
channels of recording signals on four tracks in 15 
one rotation of the rotary drum by alternately 
using the first and second magnetic heads and 
the third and fourth magnetic heads; and 

when recording a second digital informa- 
tion signal having a second transmission rate 20 
substantially equal to 1/N (N is an integer 
equal to or more than two) of that of the first 
digital information signal, said encoding means 
adds the identifier signal (DS) indicating con- 
tents of the second digital information signal as 25 
one of the identification code thereto and com- 
presses, each time the rotary drum makes N/2 
rotations, the second digital information signal 
into a signal which is 1/N of the second digital 
information signal on a time axis, thereby con- 30 
verting the second digital information signal 
into the two channels of recording signals re- 
spectively having a fixed recording rate; 

said servo means drives the rotary drum to 
rotate at the fixed rotation speed and the mag- 35 
netic tape to be fed at a second feed speed 
substantially equal to 1/N of the first feed 
speed; and 

said recording means records the two 
channels of recording signals on four tracks in 40 
N rotations of the rotary drum by using only 
the first and second magnetic heads or by 
alternately using the first and second magnetic 
heads and the third and fourth magnetic 
heads. 45 

2. A digital information recording apparatus ac- 
cording to Claim 1, wherein: 

when recording the first digital information 
signal in a range between a preset maximum so 
transmission rate and one half thereof, said 
encoding means adds an information item in- 
dicating an input transmission rate of first digi- 
tal information signal' as the identifier signal) 
and adds dummy data thereto, thereby con- ss 
verting the signal into the two channels of 
recording signals having the fixed recording 
rate determined by the maximum transmission 

12 



rate regardless of the input transmission rate; 
and 

when recording the second digital informa- 
tion signal in a range which is 1/N (N is an 
integer equal to or more than two) of that of 
the first digital information signal, said encod- 
ing means further compresses, each time the 
rotary drum makes N/2 rotations, the second 
digital information signal into a signal which is 
1/N of the second digital information signal on 
a time axis, thereby converting the signal into 
the two channels of recording signals respec- 
tively having the fixed recording rates. 

3. A digital information recording apparatus ac- 
cording to Claim 1 or 2, wherein said encoding 
means uses as the modulation method in the 
conversion of the signal into the two channels 
of recording signals a so-called 8-10 modula- 
tion method in which each 8-bit group of the 
signal is converted into a code word including 
ten bits, thereby limiting a maximum run 
length. 

4. A digital information recording apparatus ac- 
cording to Claim 1 or 2, wherein said encoding 
means uses as the modulation method in the 
conversion of the signal into the two channels 
of recording signals a so-called interleaved 
scrambled non-retum-to-zero inverse (NRZI) 
modulation method in which record data is 
randomized by a pseudo random signal to be 
Ex-ORed with modulated data delayed by two 
bits relative to the randomized data. 

5. A digital information recording apparatus ac- 
cording to Claim 1 , 2, 3, or 4, wherein said first 
and second magnetic heads and said third and 
fourth magnetic heads are arranged on the 
same head bases, respectively. 

6. A digital information recording and reproducing 
apparatus for selecting and recording a signal 
(SS) from a plurality of digital information sig- 
nals (S1. S2) having different transmission 
rates, comprising: 

selecting means (21) for selecting a signal 
(SS) to be recorded from the plural digital 
information signals having different transmis- 
sion rates; 

identifier signal generator means (22) for 
generating an identifier signal (DS) indicating 
contents of the selected signal; 

encoding, means (30) for conducting an 
inter-leaving process for the selected signal: 
forming blocks thereof by adding such signals 
thereto as a synchronizing code, an identifica- 
tion code, and an error correction code, and 
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performing a time- base process and a modula- 
tion for the signal, thereby converting the sig- 
nal into two channels of recording signals 
(SR1, SR2); 

recording and reproducing means (50-54) s 
including a first magnetic head (51) and a 
second magnetic head (52) which are arranged 
respectively at predetermined positions close 
to each other on a rotary drum (50) and which 
respectively have azimuth angles respectively w 
having opposing polarities, the first and second 
heads respectively recording the two channels 
of recording signals on two tracks on a mag- 
netic tape (60), the recording and reproducing 
means further including a third magnetic head 1$ 
(53) and a fourth magnetic head (54) which are 
arranged respectively at predetermined posi- 
tions being close to each other and opposing 
to the positions of the first and second mag- 
netic heads with an angle of 180* on the 20 
rotary drum and which respectively have the 
azimuth angles respectively having opposing 
polarities, the third and fourth heads respec- 
tively recording the two channels of recording 
signals on two tracks on the magnetic tape 25 
(60); 

servo means (70) for controlling a rotation 
speed of the rotary drum and a feed speed of 
the magnetic tape; and 

decoding means (110) for receiving two 30 
channels of reproduction signals (SP1, SP2) 
reproduced by the first and second magnetic 
heads and/or the third and fourth magnetic 1 
heads and conducting such processes reverse 
to those of the encoding means as an equaliz- 35 
ing process, a demodulating process, an error 
correcting process, and a de-interieaving pro- 
cess, thereby converting the reproduction sig- 
nals into the original digital information signals, 
wherein: 40 

when recording a first digital information 
signal (Si) having a first transmission rate, the 
encoding means adds the identifier signal (DS) 
indicating contents of the first digital informa- 
tion signal as one of the identification code 45 
thereto, thereby converting the signal into the 
two channels of recording signals (SR1. SR2) 
having the fixed recording rates; 

said servo means drives the rotary drum to 
rotate at a fixed rotation speed and the mag- so 
netic tape to be fed at a first feed speed; and 

said recording and reproducing means 
records and reproduces the two channels of 
recording signals on four tracks in one rotations 
of the rotary drum by alternately using s the first- ss 
and second magnetic heads and the third andr 
fourth magnetic heads; and^ 

when recording a second digital informal 



tion signal (S2) having a second transmission 
rate substantially equal to 1/N (N is an integer 
equal to or more than two) of that of the first 
digital information signal, said encoding means 
adds the identifier signal (DS) indicating con- 
tents of the second digital information signal as 
one of the identification code thereto and com- 
presses, each time the rotary drum makes N/2 
rotations, the second digital information signal 
into a signal which is 1/N of the second digital 
information signal on a time axis, thereby con- 
verting the second digital information signal 
into the two channels of recording signals 
(SR1, SR2) respectively having the fixed re- 
cording rates; 

said servo means drives the rotary drum to 
rotate at the fixed rotation speed and the mag- 
netic tape to be fed at a second feed speed 
substantially equal to 1/N of the first feed 
speed; 

said recording and reproducing means 
records and reproduces the two channels of 
recording signals on four tracks in N rotations 
of the rotary drum by using only the first and 
second magnetic heads or by alternately using 
the first and second magnetic heads and the 
third and fourth magnetic heads; and 

said decoding means conducts the pro- 
cesses including the equalizing process, de- 
modulating process, error correcting process, 
and deinterieaving process and executes a 
time-base process by detecting the signal thus 
recorded as the identifier signal, thereby sup- 
plying the servo means with a reference signal 
to control the feed speed of the magnetic tape. 

7. A digital information recording and reproducing 
apparatus according to Claim 6, wherein: 

when recording the first digital information 
signal in a range between a preset maximum 
transmission rate and one half thereof, said 
encoding means adds an information item in- 
dicating an input transmission rate of first digi- 
tal information signal as the identifier signal 
and adds dummy data thereto, thereby con- 
verting the signal into the two channels of 
recording signals having the fixed recording 
rate determined by the maximum transmission 
rate regardless of the input transmission rate; 

when recording the second digital informa- 
tion signal in a range which is 1/N (N is an 
integer equal to or more than two) of that of 
the first digital information signal, said encod- 
ing means further compresses, each time the 1 
rotary drum makes N/2 rotations, the second 
digital information signal into a signal which is 
1/N of the second digital information signal on 
a time axis, thereby converting the signal into 
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the two channels of recording signals respec- 
tively having the fixed recording rates; and 

said decoding means detects the input 
transmission rate information item in the iden- 
tifier signal and thereby deleting the dummy 
data therefrom. 

8. A digital information recording and reproducing 
apparatus according to Claim 6 or 7, wherein: 

said first digital information signal is a sig- 
nal compressed to a signal which is 1/K (K is 
an integer equal to or more than two) of the 
original signal on a time axis; 

said servo means drives, when reproduc- 
ing the first digital information signal recorded 
on four tracks in one rotation of the rotary 
drum, the magnetic tape to be fed at a third 
feed speed equal to 1/K of the first feed speed; 
and 

said decoding means conducts a process 
in which the reproduction signal is multiplied 
by K on the time axis and thereby produces 
the first digital information signal of the original 
information rate. 

9. A digital information recording and reproducing 
apparatus according to Claim 6, 7, or 8, 
wherein: 

said second digital information signal is a 
signal compressed to a signal which is 1/L (L 
is an integer equal to or more than two) of the 
original signal on a time axis; 

said servo means drives, when reproduc- 
ing the second digital information signal re- 
corded on four tracks in N rotations of the 
rotary drum, the magnetic tape to be fed at a 
fourth feed speed equal to 1/L of the second 
feed speed; and 

said decoding means conducts a process 
in which the reproduction signal is multiplied 
by L on the time axis to produce the second 
digital information signal of the original infor- 
mation rate. 

10. A digital information recording and reproducing 
apparatus according to Claim 8, wherein: 

said servo means drives, when reproduc- 
ing the first original information signal recorded 
on four tracks in one rotation of the rotary 
drum, the rotary drum to rotate at a second 
rotation speed equal to 1/K (K is an integer 
equal to or more than two) of the first rotation 
speed. 

11. A digital information recording and reproducingi 
apparatus according to Claim 9; wherein- 
said servo means drives, when reproduc- 
ing the second digital information signal re- 



corded on four tracks in N rotations of the 
rotary drum, the rotary drum to rotate at a third 
rotation speed equal to 1/L (L is an integer 
equal to or more than two) of the first rotation 
s speed. 

12. A digital information recording and reproducing 
apparatus according to Claim 6, 7, 8, 9, 10, or 
1 1 , wherein: 

io said encoding means uses as the modula- 

tion method in the conversion of the signal into 
the two channels of recording signals a so- 
called 8-10 modulation method in which each 
8-bit group of the signal is converted into a 

75 code word including ten bits, thereby limiting a 

maximum run length; and 

said decoding means uses as the equaliz- 
ing method a so-called integration equalizing 
method in which differential characteristics of 

20 the reproducing system are compensated for 

by an operation of integration and utilizes as 
the demodulating method a method in which 
the 10-bit code word converted on the record- 
ing side is reversely converted into 8-bit data. 

25 

13. A digital information recording and reproducing 
apparatus according to Claim 6. 7, 8, 9, 10, or 

11, wherein: 

said encoding means uses as the modula- 
30 tion method in the conversion of the signal into 
the two channels of recording signals a so- 
called interleaved scrambled NRZI modulation 
method in which record data is randomized by 
a pseudo random signal to be Ex-ORed with 
35 modulated data delayed by two bits relative to 
the randomized data; and 

said decoding means uses as the equaliz- 
ing and demodulating method a partial re- 
sponse class IV detection method. 

40 

14. A digital information recording and reproducing 
apparatus according to Claim 6, 7, 8, 9, 10, 11. 

12, or 13, wherein said first and second mag- 
netic heads and said third and fourth magnetic 

45 heads are arranged on the same head bases, 

respectively. 



50 



55 



BNSDOClD: <EP 0673173A1_I_> 



I 



EP 0 673 173 A1 



FIG. 1 



HIGH-RATE 
DIGITAL 
INFORMATION 
SIGNAL 1 -^O- 

LOW-RATE 
DIGITAL 
INFORMATION 
SIGNAL 2 



S1 

_i_J 



S 

S2 



11 



Sw 



ss 



CR 



30 



ENCODER 
OF 

RECORDING 
SYSTEM 



21 



ttfcoto 




IDENTIFIER 




SIGNAL 




SIGNAL 




SELECTOR 


GENERATOR 


^22 



CR 



SR1 f 



DRUM ROTATION 
AND 
TAPE FEED 
CONTROL CIRCUIT 



T 
70 




V1 : V2 



54( + ) 53(-) 



15 



BNSDOCIO: <EP 



06731 T3A1_L> 



EP 0 673 173 A1 



31 



ss- 

DS- 



INTERFACE 
CIRCUIT 



FIG. 2 

32 



34 ^ 35 



MEMORY 
CIRCUIT 



RECORD 
SIGNAL 
GENERATOR 
CIRCUIT 



PARITY GENERATOR 
CIRCUIT 



-33 



CR- 



TIMING CIRCUIT 



T 

CK 




-SR1 
-SR2 



FIG. 3 



SYNC 



ID 



DATA 



PARITY 



SYNC 



ID 



DATA 



PARITY 



1 BLOCK 



1 BLOCK 



FIG. 4 



TRACK No. 


BLOCK No: 


CONTROL INFORMATION 
(IDENTIFIER SIGNAL) 


PARITY 



9NSDOCIO: <EP 06731 73A1J_> 



16 



EP 0 673 173 A1 



I 




























% 














§ 
































o 










g 


t 

CO 


1 








ATION— H 






15 

s 






1 

I 






\ 

1 




-O 


1 






i i r 



< mo Q lu 

in mm mm 

O (3 O o CD 

EZ lZ EZ EZ lZ 



17 

BNSDOCID: <EP 0«73173A1J_> 



EP 0 673 173 A1 



FIG. 6 




6K-) 62( + ) 



INSDOCID: <EP 0673173Al_l_> 



18 



BP 0 673 173 A1 



FIG. 7 



1 ? 1 SP1 



102 



SP2 



110 



DECODER 
OF 

REPRODUCING 
SYSTEM 




DS- 




54( + ) 53(-) 



V1 : V2 



131 



ss 

AJ 



Sw 



CP- 



S1 



S 

S2 



RECORD SIGNAL 
JUDGE CIRCUIT 



S 

121 



DRUM ROTATION 
AND 
TAPE FEED 
CONTROL CIRCUIT 



70 



HIGH-RATE 
DIGITAL 
INFORMATION 
SIGNAL 141 



LOW-RATE 
DIGITAL 
INFORMATION 
SIGNAL 142 



19 



EP 0 673 173 A1 



FIG. 8 



111 1/2 1,2 



116 



113 



115 



SPI-j- 


8-10 




BLOCK 














MEMORY 
CIRCUIT 




REGENERATION 




DEMODULATOR 




REGENERATOR 






SIGNAL OUTPUT 


SP2-U 


CIRCUIT 




CIRCUIT 






CIRCUIT 



A 

114 



ERROR CORRECTION 
CIRCUIT 



TIMING CIRCUIT 



CK 



-SS 
-DS 



FIG. 9A~l 




:^-i rotation—: 
FIG. 9B~\ \ (bi> 

FIG. 9CH- 1 w) H (di) H; m (b3) H1^T[ - | (b4) \\ (d4) [ f 



- | (a3) f] (c3)~fl (a4) [^4T[ ^~ 



(- — N/2 ROTATIONS 0 2 

FIG. QD-^r 1 (N=3) 



(cl) 



(aZ) 



FIG. 9E- (bi) 



(di) 



(b2) 



20 

3NSOOCID:c£P 06731 73A1_I > 



1 



* EP 0 673 173 A1 



FIG. 10 



31 



CR- 



32 



ss-i- 


INTERFACE 




MEMORY 




RECORD 
SIGNAL 




l-S-NRZI 
MODULATOR 
CIRCUIT 


DS-U 


CIRCUIT 




CIRCUIT 




GENERATOR 
CIRCUIT 





34 



30 

I. 



PARITY GENERATOR 
CIRCUIT 



-33 



37 



TIMING CIRCUIT 

^= 

CK 



36 



-SR1 
-SR2 



SP1- 
SP2- 



FIG. 11 



in m 112 



113 



115 



PR4 




BLOCK 




MEMORY 
CIRCUIT 




REGENERATION 


DETECTOR 




REPRODUCING 






SIGNAL OUTPUT 


CIRCUIT 




CIRCUIT 






CIRCUIT 



A 

114 



ERROR CORRECTION 
CIRCUIT 



-SS 
-DS 



116 



TIMING CIRCUIT 



CK 



BNSDOCIO: <EP 06731 73Al_L> 



21 



EP 0 673 173 A1 



HIGH-RATE 
DIGITAL 
INFORMATION 
SIGNAL 1 

MIDDLE-RATT 
DIGITAL 
INFORMATION 
SIGNAL2^jO 
LOW-RATE 
DIGITAL 

INFORMATION O- 
SIGNAL3 ' — 



21 



FIG. 12 



S1 



S2 



S3 



11 



Sw 



ss 



CR 



30 



ENCODER 
OF 

RECORDING 
SYSTEM 



-DS 



RECORD 




IDENTIFIER 


SIGNAL 




SIGNAL 


SELECTOR 


GENERATOR 



CR 



SRI 



41 



42 



SR2 



DRUM ROTATION 
AND 
TAPE FEED 
CONTROL CIRCUIT 



70 




V1 ; V2 : V3 



54( + ) 53(-) 



BNSDOClD: <EP_ 



_0673173A1J_> 



22 



EP 0 673 173 A1 



L 






L 1 1 1 






CO 


cr> 






jO 










§ 




































§ 












CD 






% 










































§ 






5 u> 














2 


r h* 

o 

g 


J 


















cs 

\ 






















§ 












§ 








g 










§ 


T 


? 














* 






8< 

J« 










ATION 






s 








jl ROT 






^ 

i 










fa 


T 






i n r i 



< mo G LU U. CD 

CO CO CO CO CO CO CO 

O O CD CP O CD (D 

Ll. LL. Li. Li. U- LL. Ul 



BNSDOCID: <EP 06731 73A1_I_> 



23 



EP 0 673 173 A1 



FIG. 14 



101 



SP1 



102 



S 

SP2 



110 



DECODER 
OF 

REPRODUCING 
SYSTEM 




DS- 




SS 



131 



Sw 



CP- 



SI 

_S_ 



S3 



RECORD SIGNAL 
JUDGE CIRCUIT 



VI ; V2 : V3 



-CK 



DRUM ROTATION 
AND 
TAPE FEED 
CONTROL CIRCUIT 



54( + ) 53(-) 



70 



HIGH-RATE 
DIGITAL 
INFORMATION 
SIGNAL 141 



MIDDLE -RATE 
DIGITAL 
INFORMATION 
S2 SIGNAL 142 



LOW-RATE 
DIGITAL 
INFORMATION 
SIGNAL 143 



121 



NSOOCID: <EP 



24 



_0673173A1_ 



EP 0 673 173 At 



FIG. 15 



HIGH-RATE 

TIME -AXIS-COMPRESSION 
DIGITAL INFORMATION 
SIGNAL 1 —^O- 



^ " 

LOW-RATE S1 
TIME-AXIS-COMPRESSION 
DIGITAL INFORMATION 
SIGNAL 2 -^O- 



S2 



21 



11 

A. 



Sw 



ss 



CR 



30 



ENCODER 
OF 

RECORDING 
SYSTEM 



RECORD 




IDENTIFIER 


SIGNAL 




SIGNAL 


SELECTOR 


GENERATOR 



CR 



CK- 



SR1 



DRUM ROTATION 
AND 
TAPE FEED 
CONTROL CIRCUIT 



T 

70 




V1 : V2 



54( + ) 53(-) 



JMSDOCIO: <EP 0673173A1_I_> 



25 



EP 0 673 173 A1 ' 



FIG. 16 



101 



. SP1 



102 



SP2 



110 



DECODER 
OF 

REPRODUCING 
SYSTEM 




131 



HIGH-RATE 

TIME-AXIS-COMPRESSION 
DIGITAL INFORMATION 
SIGNAL 141 

SI' 



SS 



- Sw 



CP- 



LOW-RATE 

TIME-AXIS-COMPRESSION 
DIGITAL INFORMATION 
SIGNAL 1 42 



S2' 



1 



RECORD SIGNAL 
JUDGE CIRCUIT 



-121 



V1/K : V2/L 



-CK 



DRUM ROTATION 
AND 
TAPE FEED 
CONTROL CIRCUIT 



54(+) 53(-) 



T" 
70 



INSDOCID: <EP 06731 73A1_I_> 



26 



EP 0 673 173 A1 



FIG. 17 



101 



SP1 



102 



SP2 



110 



DECODER 
OF 

REPRODUCING 
SYSTEM 




131 



SS 



Sw 



CP- 



HIGH -RATE 

TIME-AXIS-COMPRESSION 
DIGITAL INFORMATION 
SIGNAL 141 

sr ( 



LOW-RATE 

TIME-AXIS-COMPRESSION 
DIGITAL INFORMATION 
SIGNAL 142 



T 

S2' 



RECORD SIGNAL 
JUDGE CIRCUIT 



V1/K ; V2/L 



DRUM ROTATION 
AND 
TAPE FEED 
CONTROL CIRCUIT 



54C + ) 53(-) 



70 



121 



BNSDOCID: <EP_ 



27 



_0673173A1J_> 



J 



European Patent 

Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 95103753.0 



Crutitti mf dtmrwciit wkh m&cMttx, where appropriate, 
of relevant passages 



R«fcV*Jlt 



CLASSIFICATION OP 
APPUCATION Out. CL 6 



US - A - 5 231 543 
(KUBOTA) 

* Abstract; fig. 
claim 1 * 



1A; 



P,A 



US - A * 4 963 991 
(HON JO) 

* Abstract; fig. 1; 
column 4, lines ^1-41; 
claim 1 * 

GB «- A - 2 217 509 
(CANON) 

* Abstract; fig. 9; 

page 22, line 15 - page 29 f 
line 10 * 

US - A - 5 317 413 
( YANAG XHARA ) 

* Abstract? fig. 6,8; 
claim 10 * 



1.2, 
5,6 



1,2, 
5,6 



1*2, 
5,6 



1,2, 
5,6 



H 04 N 9/835 
G 11 B 20/10 



TECHNICAL FIELDS 
SEARCHED flat. 0. 6) 



H 04 N 5/00 
H 04 N 9/00 
G 11 B 5/00 
G 11 B 20/00 



T*« present scarcb report has been tfrawn up for all claims 



flMC *f KHCfc 






VIENNA 


21-06-1995 


DIMITROW 



CATEGORY OF CtTED DOCUMENTS 

X : partfestxriy relevant If t*Ua aleae 

Y : oartleatarty retevaM If eMuUned with Mother 

■ o cow ca i of t>e sum cMeeory. 
A : lerli>»lt|,1cit eaekcroaad 
O : •o»*frhtca 4kdonm 
P : trterMdbte aocoawat 



T : lawyer eriacfaJe um4rtiyint Ae foveotloti 
E : earlier psteat cocsmnt, tat p«MlU<4 oo, or 

after tkefllfet 
D : eocaetem dterf la the aaolieailo* 
L : tfactttteoi ched for otaer reasons 

L z etemeer of tbe tMt patent famlry, owie sy o^tog 
•oca meat 



1NSDOCID: <EP 0673173A1_I_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
J&GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



